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Docket # 2460 

DISTRIBUTED RAMAN AMPLIFICATION 
Background of the Invention 

1. Field of the Invention 

The invention is related to the field of communication systems, and in particular, to 
systems and methods of providing distributed Raman amplification of optical signals. 

2. Statement of the Problem 

Many communication companies use optical networks for transmitting data because of its 
high-bandwidth capacity. Optical networks reliably transport optical signals over long distances. 
Optical networks include transmission fiber, transmitters, receivers, repeaters, etc. As the optical 
signals travel over the transmission fiber, the optical signals disperse or otherwise attenuate due 
to Rayleigh scattering. The attenuation may be recovered by an optical amplifier. 

Optical amplifiers may be discrete amplifiers or distributed amplifiers. A distributed 
amplifier uses the transmission fiber carrying the optical signals as a gain medium. A discrete 
amplifier does not use the actual transmission fiber as the gain medium, but is a separate 
component that includes a span of rare-earth doped fiber, Dispersion Compensating Fiber (DCF), 
Highly Nonlinear Fiber (HNF), or another type of fiber as the gain medium. 

In a distributed amplifier, a pump laser transmits a laser onto the transmission fiber 
concurrently as the optical signals travel over the fiber. The pump laser generally backward 
pumps the laser onto the transmission fiber. Other distributed amplifiers have a backward 
pumping laser and a forward pumping laser. The properties of the transmission fiber act to 
absorb the pumped laser and generate a gain in the optical signals due to the Raman Effect. The 
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gain range of the distributed amplifier is flexible and depends on the wavelength of the pump 
laser. The pump laser amplifies wavelengths at one Raman Stokes away from the laser 
wavelength. A first order Raman Stokes comprises the wavelengths about 100 nanometer (nm) 
longer than the pump laser wavelength in glass fiber. For instance, a 1455 nm pump laser 
5 wavelength amplifies optical signals having wavelengths around 1550 nm. The gain bandwidth 
is about 30 nm centered about the 1550 nm wavelength. 

One problem with current distributed amplifiers is that high pump powers are needed to 
achieve the desired gain. The pump power for distributed amplification can range from 500 
milliwatts (mW) to over 1 Watt. As a comparison, a discrete Erbium-Doped Fiber Amplifier 
10 (EDFA) may have pump powers around 1 00 mW to achieve the same gain. Unfortunately, the 
high pump powers may increase the chance of connector burns, fiber fuse, and ignition of a fire. 
The high pump powers can also be dangerous for the operators, as the high pump powers can be 
harmful to the eyes of the operators and can cause severe burns. 



15 Summary of the Solution 

The invention helps solve the above problems with systems and method described herein. 
One example is a communication system that comprises a first fiber span, a second fiber span, 
and an amplifier system. The amplifier system generates a light beam and splits the light beam 
into a first portion and a second portion. The amplifier system transfers the first portion of the 
20 light beam onto the first fiber span so that the first portion of the light beam backward propagates 
over the first fiber span. The amplifier system transfers the second portion of the light beam onto 
the second fiber span so that the second portion of the light beam forward propagates over the 
second fiber span. 
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In another example, the amplifier system comprises a splitter system and a pump system. 
The pump system generates the light beam and transmits the light beam to the splitter system. 
The splitter system splits the light beam into the first portion and the second portion. The splitter 
system transfers the first portion of the light beam onto the first fiber span so that the first portion 
of the light beam backward propagates over the first fiber span. The splitter system transfers the 
second portion of the light beam onto the second fiber span so that the second portion of the light 
beam forward propagates over the second fiber span. 

Splitting the light beam into portions may advantageously reduce the local pump power 
being injected into the fiber spans while still providing the desired gain. The lower local pump 
power may be safer for the operators of the communication system. 

The invention may include other examples described below. 

Description of the Drawings 

The same reference number represents the same element on all drawings. 
FIG. 1 illustrates a communication system for distributed Raman amplification of optical 
signals in the prior art. 

FIG. 2 illustrates a communication system for distributed Raman amplification of optical 
signals in an example of the invention. 

FIG. 3 illustrates a communication system for distributed Raman amplification of optical 
signals in another example of the invention. 
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Detailed Description of the Invention 

FIG. 1 illustrates a prior art example to help clarify the invention. FIGS. 2-3 and the 
following description depict specific examples of the invention to teach those skilled in the art 
how to make and use the best mode of the invention. For the purpose of teaching inventive 
5 principles, some conventional aspects of the invention have been simplified or omitted. Those 
skilled in the art will appreciate variations from these examples that fall within the scope of the 
invention. Those skilled in the art will appreciate that the features described below can be 
combined in various ways to form multiple variations of the invention. As a result, the invention 
is not limited to the specific examples described below, but only by the claims and their 
10 equivalents. 

Prior Art Communication System - FIG. 1 

FIG. 1 illustrates a communication system 100 for distributed Raman amplification of 
optical signals in the prior art. Communication system 100 comprises a fiber span 102, a 
15 Wavelength Division Multiplexer (WDM) 104, and a pump system 106. Pump system 106 is 
coupled to WDM 104. WDM 104 is coupled to fiber span 102. 

Pump system 106 is comprised of a 1424 nm laser diode and a 1453 nm laser diode. 
Pump system 106 has a combined pump power of 535.6 mW, with the 1424 nm laser diode 
having a pump power of 257 mW and the 1453 nm laser diode having a pump power of 278.6 
20 mW. 

In operation, fiber span 102 receives optical signals. The optical signals have 200 GHz 
spacing and with an input power of -6 dBm per channel. The 1424 nm laser diode and the 1453 
nm laser diode backward pump the 1424 nm and the 1453 nm laser beams onto fiber span 102 
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through WDM 104. The laser beams generate about a 10 dB gain in the C-band due to the 
Raman Effect. 

One problem with communication system 100 is high pump power is pumped into fiber 
span 102. In this example, 535.6 mW of pump power is pumped into fiber span 102, which may 
be a dangerous amount. 

Lasers may be labeled in classes. A class 1 laser is considered safe and is used to read 
DVDs and used for laser printers. A class 2 laser comprises visible light between 400 nm and 
780 nm with an upper power limit of 1 mW. Momentary viewing of a class 2 laser is not 
dangerous, but extended viewing may be dangerous. An example of a class 2 laser is a bar code 
scanner. A class 3A laser comprises invisible light less than 0.5 W (-3 dBm). A class 3A laser 
can cause permanent eye damage if eye protection is not used. A class 3B laser also comprises 
light with a power less than 0.5 W (27 dBm). A class 3B laser may cause injuries to the eye and 
skin due to direct exposure, and eye protection is needed. A class 4 laser comprises light with a 
power greater than 0.5 W. A class 4 laser is hazardous to eyes and skin due to direct or diffused 
exposure. Protective eyewear is needed when working with a class 4 laser. A class 4 laser may 
also be a fire danger. 

As stated above, the laser diodes pump 535.6 mW of power into fiber span 102. 535.6 
mW of power can be classified as either a class 3B laser or a class 4 laser. A fiber cut or other 
damage to the fiber or connectors may cause the high power laser (over 500 mW) to be emitted 
out of the fiber. This can be very dangerous for the operators of communication network 100 if 
they come into contact with the emitted laser. Operators of communication network 100 must 
wear protective eyewear or severe eye damage may result. The high power laser can also cause 
severe bums to the skin and can ignite fires. 
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Example #1 - FIG. 2 

FIG. 2 illustrates a communication system 200 for distributed Raman amplification of 
optical signals in an example of the invention. Communication system 200 comprises fiber 
spans 202, 204 and an amplifier system 206. Amplifier system 206 is coupled to fiber span 202 
and fiber span 204. Fiber spans 202 and 204 each comprise a length of optical fiber configured 
to transport an optical signal. An example of fiber spans 202 and 204 comprises a length of 
single mode fiber (SMF). Communication system 200 may include other components that are 
left out for the sake of brevity. 

In operation, amplifier system 206 generates a light beam. Amplifier system 206 splits 
the light beam into a first portion and a second portion. Amplifier system 206 transfers the first 
portion of the light beam onto fiber span 202 so that the first portion of the light beam backward 
propagates over the fiber span 202. Amplifier system 206 transfers the second portion of the 
light beam onto fiber span 204 so that the second portion of the light beam forward propagates 
over fiber span 204. Based on this disclosure, those skilled in the art will appreciate how to 
modify existing communication systems to make communication system 200. 

The first portion of the light beam helps to amplify optical signals traveling over fiber 
span 202. The first portion of the light beam may comprise between about 40 to 60 percent of 
the power of the light beam, depending on implementation. The second portion of the light beam 
helps to amplify optical signals traveling over fiber span 204. 

When configured as described in this example, communication system 200 
advantageously reduces the local pump power being injected into fiber spans 202 and 204 while 
still providing the desired gain. The local pump power being injected into fiber span 202 is the 
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first portion of the light beam. The first portion of the light beam may be a lower power than the 
light beams currently used, and the lower local pump power may be safer for the operators of 
communication system 200. 

In one example, amplifier system 206 comprises a splitter system 210 and a pump system 
212. Pump system 212 generates the light beam. Pump system 212 transmits the light beam to 
splitter system 210. Examples of pump system 212 comprise a Raman fiber laser and a laser 
diode. An example of a light beam comprises a laser beam. Splitter system 2 1 0 receives the 
light beam. Splitter system 210 splits the light beam into the first portion and the second portion. 
Splitter system 210 transfers the first portion of the light beam onto fiber span 202 so that the 
first portion of the light beam backward propagates over the fiber span 202. Splitter system 210 
transfers the second portion of the light beam onto fiber span 204 so that the second portion of 
the light beam forward propagates over fiber span 204. Examples of splitter system 210 
comprise a 50:50 splitter, a 45:55 splitter, a 40:60 splitter, etc. 

Example #2 -- FIG. 3 

FIG. 3 illustrates a communication system 300 for distributed Raman amplification of 
optical signals in an example of the invention.. Communication system 300 includes fiber spans 
302, 306, 310, and 314. The fiber spans 302, 306, 310, and 314 are configured to transfer optical 
signals between transmitters and receivers (not shown) in communication system 300. 
Communication system 300 also includes Wavelength Division Multiplexers (WDM) 304, 305, 
308, 309, 312 and 313, splitters 316-318, and pump systems 320-322. WDM 304 is coupled to 
fiber span 302. WDMs 305 and 308 are coupled to fiber span 306. WDMs 309 and 312 are 
coupled to fiber span 310. WDM 313 is coupled to fiber span 314. Splitter 316 is coupled to 
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WDMs 304-305. Splitter 317 is coupled to WDMs 308-309. Splitter 318 is coupled to WDMs 
312-313. Pump system 320 is coupled to splitter 316. Pump system 321 is coupled to splitter 
317. Pump system 322 is coupled to splitter 318. Communication system 300 may include other 
components that are left out for the sake of brevity. 

Pump systems 320-322 may each comprise a 1424 nm laser diode and a 1453 nm laser 
diode for this example. Pump systems 320-322 may each have a pump power of about 529.6 
mW. Splitters 316-318 may comprise 3 dB splitters for this example. Fiber spans 302, 306, 310, 
and 314 may each comprise single mode fibers have a length between about 50 km and 120 km. 

In operation, fiber span 302 receives optical signals. The optical signals have an input 
power between -6 dBm and -10 dBm per channel. The optical signals propagate over fiber spans 
302, 306, 310, and 314. Concurrently as the optical signals travel over fiber spans 302, 306, 310, 
and 314, the following takes place. Pump system 320 transmits a laser beam to splitter 3 1 6. The 
laser beam has a power of about 529.6 mW. Splitter 3 1 6 receives the laser beam. Splitter 3 1 6 
splits the laser beam into a 269.2 mW portion and a 260 mW portion. Splitter 3 1 6 transfers the 
269.2 mW portion to WDM 304, and WDM 304 transfers the 269.2 mW portion onto fiber span 
302 so that the 269.2 mW portion backward propagates over fiber span 302. Splitter 316 
transfers the 260 mW portion to WDM 305, and WDM 305 transfers the 260 mW portion onto 
fiber span 306 so that the 260 mW portion forward propagates over fiber span 306. 

Pump system 32 1 transmits a laser beam to splitter 3 1 7. The laser beam has a power of 
about 529.6 mW. Splitter 3 1 7 receives the laser beam. Splitter 3 1 7 splits the laser beam into a 
269.2 mW portion and a 260 mW portion. Splitter 3 1 7 transfers the 269.2 mW portion to WDM 
308, and WDM 308 transfers the 269.2 mW portion onto fiber span 306 so that the 269.2 mW 
portion backward propagates over fiber span 306. Splitter 317 transfers the 260 mW portion to 
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WDM 309, and WDM 309 transfers the 260 mW portion onto fiber span 3 1 0 so that the 260 mW 
portion forward propagates over fiber span 310. 

Pump system 322 transmits a laser beam to splitter 318. The laser beam has a power of 
about 529.6 mW. Splitter 3 1 8 receives the laser beam. Splitter 3 1 8 splits the laser beam into a 
269.2 mW portion and a 260 mW portion. Splitter 3 1 8 transfers the 269.2 mW portion to WDM 
3 12, and WDM 312 transfers the 269.2 mW portion onto fiber span 3 10 so that the 269.2 mW 
portion backward propagates over fiber span 3 1 0. Splitter 3 1 8 transfers the 260 mW portion to 
WDM 313, and WDM 313 transfers the 260 mW portion onto fiber span 314 so that the 260 mW 
portion forward propagates over fiber span 314. 

Pump systems 320-322 amplify the optical signals traveling over fiber spans 302, 306, 
3 10, and 3 14. For instance, in fiber span 306, the 269.2 mW portion backward propagating over 
fiber span 306 and the 260 mW portion forward propagating over fiber span 306 amplify the 
optical signals traveling over fiber span 306. The 269.2 mW portion and the 260 mW portion 
provide at least a 6 dB gain in the optical signals in fiber span 306. Preferably, the gain is 10 dB 
or more. Likewise, in fiber span 310, the 269.2 mW portion backward propagating over fiber 
span 310 and the 260 mW portion forward propagating over fiber span 310 amplify the optical 
signals traveling over fiber span 310. The 269.2 mW portion and the 260 mW portion provide at 
least a 6 dB gain in the optical signals in fiber span 310. 

In fiber spans 306 and 3 1 0, energy is transferred between the counter-propagating pumps. 
The same gain (about 10 dB) may be achieved in communication system 300 as in 
communication system 100 in FIG. 1 with about the same total pump power. Advantageously, 
the local pump power injected into each fiber span 306 and 3 10 is reduced by over half. In this 
example, the local pump power is reduced from 535.6 mW in communication system 100 in FIG. 
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1 to about 260 mW in communication system 300 in FIG. 3. Each fiber span 306, 310 receives a 
269.2 mW light beam from one end and a 260 mW light beam from the other end. Thus, the 
local pump power from each end of a fiber span 306, 310 is about 260 mW, whereas the local 
pump power in the prior art is about 535 mW (see FIG. 1). The lower local pump power may be 
safer for the operators of communication system 300 while still providing the desired gain. The 
chances of burns or fires may be significantly reduced. 

Raman gain by forward pumping also advantageously reduces noise accumulation. The 
OSNR improvement may be 6 dB with 0.5 dB resolution bandwidth. The reduced noise may 
improve transmission performance. 

CLAIMS: 

What is claimed is: 



11 



